Socioeconomic and racial disparities in the outcomes of medical management remain common across pulmonary diseases in the United States and worldwide. Acknowledging this, the American Thoracic Society recently put forth recommendations to advance respiratory health equity. Through engagement of vulnerable communities in search of collaborative solutions to improve health disparities, community-based participatory research embodies concepts essential to the American Thoracic Society mission for respiratory health equity. The purpose of this commentary is to provide an overview of the principles of community-based participatory research and the application of this approach to addressing inequity in the outcomes of treatment for lung disease. Community-based participatory research aims to decrease health disparities by recognizing the social and ecological paradigms of health care and by partnering community members with academic researchers in all aspects of the research process. Community partners are uniquely poised to offer insight into local culture, circumstances that guide health behaviors, and other challenges to improve their own community's health. Sustainable interventions, either through strengthening existing community assets or through community empowerment and local capacity building throughout the research process, are essential to the success of community-based participatory research. The National Institutes of Health and other funding agencies offer funding opportunities to support specific interventions aimed at engaging community members in the research process. In pulmonary medicine, community-based initiatives have focused primarily on improving pediatric asthma outcomes. Using a community-based approach in adult asthma and other pulmonary diseases could be an ideal manner in which to decrease pulmonary health disparities.
Despite new and improved treatment options for many pulmonary diseases, socioeconomic and racial disparities in risk factors, access to care, and outcomes are common. A classic example is the case with asthma; treatments are well established but there are racial and socioeconomic disparities in exposure to environmental triggers (1, 2) , management, and outcomes (3) . In this context, the American Thoracic Society (ATS) recently created a Health Equity Subcommittee to define respiratory health disparities and provide recommendations to the ATS leadership for facilitating the attainment of respiratory health equity in the United States.
Recommendations included promoting scientific inquiry and training, especially related to health disparities; disseminating medical information and best practices; advocating for environmental justice and a healthy lifestyle for all; and diversifying the workforce (4). Although not specifically named within the ATS recommendations, community-based participatory research (CBPR) embodies concepts essential to the ATS mission for respiratory health equity. The purpose of this commentary is to provide an overview of CBPR principles and to highlight examples of CBPR initiatives that address pulmonary diseases to demonstrate the usefulness of CBPR in addressing the inequity in pulmonary disease outcomes.
What Is Community-based Participatory Research?
In its purest form, CBPR is an approach to research that engages the community in all stages of research and puts academic researchers and community members on equal footing. CBPR can be used to approach any research design ranging from qualitative studies to randomized clinical trials. The core principles of CBPR include colearning, long-term partnerships, capacity building, community empowerment, and building sustainable systems (5) . Community members and academic researchers are partners in all stages of research including hypothesis generating, grant writing, protocol development, data collection and analysis, and dissemination of findings. CBPR aims to create sustainable projects building on the capacity of the community and empowering its members. In prioritizing community action, a goal of CBPR is to disseminate the research results to the affected community and policy makers, and not just to members of the medical community (6) . In several ways, CBPR is distinct from traditional, "communityplaced" research, in which a community is necessary for the conduct of research but is not an engaged partner (Table 1) .
Although CBPR has gained acceptance among academic researchers in the past decade only, pulmonary researchers used CBPR principles much earlier. A prime example is Irving J. Selikoff, a physician, researcher, and vocal public advocate, who documented the adverse health effects of asbestos and advocated for a reduction in asbestos exposure, worker health and safety, and compensation for those with asbestosrelated disease. Starting in the 1960s, he engaged insulators and shipyard and other asbestos-exposed workers to participate in clinical and epidemiologic studies and noted high rates of mesothelioma, lung cancer, and asbestosis. Dr. Selikoff also noted that the carcinogenic potential of asbestos was augmented when combined with cigarette smoking and was instrumental in promoting smoking cessation, in addition to advocating for reducing workplace exposures to asbestos (6) . He disseminated these findings to the scientific community, as well as to workers and the public through unions and the media. His research and advocacy led to federal regulations protecting workers and the public from asbestos-related morbidity (7, 8) . As demonstrated by Dr. Selikoff's historical example, CBPR aims to decrease health disparities by incorporating social and ecological health paradigms into the research process.
Partnerships in Communitybased Participatory Research
In the fullest expression of CBPR, community and academic partners each contribute to developing, conducting, and disseminating research addressing collectively identified issues (5, 9) . CBPR teams often partner with a community advisory board, usually composed of community members who represent community perceptions, preferences, and priorities (10) . Examples of community partners in CBPR include community health centers, schools, public health departments, prisons, and neighborhood organizations.
Effective CBPR projects often build on existing relationships and efforts within the community (11) . Community partners can offer unique insight into a neighborhood, local culture or traditions, circumstances that guide behaviors, and other challenges to improve their own community's health (12) . By asking a community to identify salient issues to address, rather than using the traditional research approach in which a researcher's agenda might not reflect a community's needs, CBPR encourages community engagement and enthusiasm for research (13) and greater relevance of the research to the community's needs (14) . Through engaged community partnerships, researchers are uniquely posed to recognize community assets and uncover local barriers to improve health outcomes (15) .
Sustainability
Sustainable interventions are an important component of CBPR, whether through the PERSPECTIVES strengthening of existing programs or by building on community assets (16) . The processes of community empowerment and local capacity building can lead to lasting influence on a community's healthpromoting resources (12) . CBPR can be an effective tool to influence health policy and promote a broader and more sustained effect on health. Together, academic researchers and community leaders can advocate policy change through disseminating evidencedbased programs or interventions that are cost effective and health promoting. Community leaders are uniquely qualified to educate policy makers about the local context and relevance of and experience with specific interventions aimed at health equity. CBPR partnerships can mobilize and organize larger community efforts to advocate for the social and economic policy change needed to address health disparities (17, 18) .
Dissemination
In traditional research, academics engage a community while recruiting research subjects, disseminate their knowledge to the academic or medical community, and provide limited direct benefits to the community they have engaged (19) . In contrast, dissemination strategies in CBPR are designed to promote multifaceted action to establish social change and improve health disparities directly in the studied community. Dissemination of CBPR results targets key individuals including policy makers, affected members of the community, and advocacy groups (20) . Examples of CBPR dissemination techniques include using a local movie theater screen to communicate aggregate results, conveying research results with cultural symbols in conjunction with graphical data (21) , and displaying educational messages on public art murals (22) . Community partner input into dissemination strategies helps ensure the local relevance and cultural sensitivity of the presented information. In addition, community engagement in dissemination helps ensure that the health message is not perceived as judgmental or critical (21) . Table 2 illustrates an overview of CBPR initiatives focused predominantly on pediatric asthma, in which community-academic partnerships, outcomes, and community-level innovations are described.
Ethics
Marginalized communities, including people of color and people living in poverty, have a history of being exploited by research; the Tuskegee Syphilis Study is only one such example (23) . Ongoing fear of exploitation and mistrust of academic institutions remain in communities of color (24) . Mistrust stems from many sources, including sustained racial disparities in health care, limited health care access, lack of cultural competency among health care providers and researchers, and racism among physicians (25) . Furthermore, patients of color have reported concern that their participation in research would not benefit their own communities (26) . CBPR is designed to engage vulnerable populations in the research process to rebuild trust and encourage community ownership. Through shared resources, capacity building, shared decision making, and empowerment of community partners, not only the research outcomes and dissemination but also the CBPR process are intended to benefit research participants and their communities (27) .
Some researchers and funders have suggested an ethical obligation to direct research toward reducing health disparities. Failing to understand the causes of health inequities, failing to use current knowledge to reduce health inequities, or supporting traditional power imbalances between the community and academia inhibit social justice and health equity (28) . CBPR is an approach to addressing health disparities with equitable community and academic partnerships that promote an equal distribution of power between academia and the community.
Funding
As with other aspects of CBPR methods, obtaining research grants and determining project budgeting is a collaborative process. In the purest forms of CBPR, community partners are empowered, trained, and compensated appropriately for research and implementation efforts. Funding of community personnel and programs can help build community capacity (12 Challenges CBPR can be a challenging time investment (13) for both academic researchers and community partners. Establishing effective, sustaining, respectful partnerships takes time and financial resources that are not traditionally a part of either an academic research team or a community organization's operations (30) . Introductory CBPR activities include reconciling inherent cultural differences between academic and community partnerships, such as understanding the strengths and limitations of each collaborator, establishing expectations for grant funding, familiarizing community partners with research protocols, and resolving ethical considerations. This formative process of collaboration precedes the development of study design. This upfront investment in CBPR is not likely to yield traditional benchmarks of success for either academic partners (scientific manuscripts, grants) or community partners (community action, grants) but it will be valuable in the long term (31) .
Because CBPR faces formative challenges, some of which may seem prohibitive to physician researchers, research methods that maximize as much community engagement as feasible may be considered an alternative approach. The concept of CBPR may be viewed on a continuum; at one end of the spectrum is Qualitative interviews and survey questionnaires led to a randomized clinical trial of 298 households and studied the effectiveness of CHWs (trained to improve the home environment and provide education). The intervention was effective in reducing indoor asthma triggers (dog dander and dust), improving lung function (measured by daily nadir FEV 1 , and daily nadir peak flow), and reducing unscheduled health care visits for asthma over a 12-mo follow-up. 
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traditional research (in which the study participants and community are minimally involved in the research process) and at the other end is CBPR. Viewing CBPR as a continuum may help researchers engage the studied community in some aspects of the research process, but it should be recognized that community engagement in other aspects of research might not be possible immediately and could be considered a long-term goal (32) .
Addressing Pulmonary Health Disparities
Recently, the ATS made recommendations to reduce respiratory health inequities in the United States (33) . Using CBPR to engage relevant communities and find collaborative solutions to improve pulmonary health outcomes for vulnerable populations is an approach to promoting respiratory health equity. To date, interventions to improve respiratory disease outcomes that incorporate CPPR approaches have been used primarily to address pediatric asthma (Table 2) .
Recently, PCORI has funded several initiatives to address respiratory health equity. The Patient Empowered Strategy to Reduce Asthma Morbidity in Highly Impacted Populations is an ongoing randomized controlled trial that aims to determine if African American and Hispanic/Latino adult individuals with asthma will benefit from a patient-activated reliever-triggered inhaled corticosteroid strategy. Researchers at Brigham and Women's Hospital have partnered with African American and Hispanic/Latino patients to codevelop the study design, implementation, recruitment, analysis, and dissemination strategy. Other stakeholders engaged in the study include asthma advocacy groups, insurance agencies, and government officials (34) . The CHICAGO trial (35) , another PCORI-funded study that builds on multiple decades of collaboration among diverse stakeholders, is investigating the impact of multiple levels of provider and patient education on asthma outcomes in children of color presenting to emergency departments.
Another example is the Merck Childhood Asthma Network (MCAN), which has supported pediatric asthma CBPR initiatives to improve asthma care, increase asthma knowledge, promote asthma-safe environments, and reduce childhood asthma disparities. Through adapting existing evidenced-based interventions and building community partnerships with school districts, city health departments, and community-based organizations, MCAN has implemented innovative pediatric asthma interventions in low socioeconomic and medically underserved communities throughout the United States.
Two formative examples of MCAN initiatives are the Inner City Asthma Study (ICAS) and the National Cooperative Inner City Asthma Study (NCICAS). ICAS and NCICAS were both randomized clinical trials supported by the National Institute of Allergy and Infectious Diseases, Physician Asthma Care Education (a physician asthma educational initiative designed to reduce the effects of asthma on children and their families) (36) , and the Yes We Can Urban Asthma Partnership (a medical/social care model for outpatient, team-oriented pediatric asthma) (37) . These clinical trials showed that interventions specific to a child's exposures and allergens were effective in reducing allergen levels and asthma symptoms (38, 39) .
ICAS and NCICAS provided the evidence base for subsequent MCAN CBPR initiatives that recognized unique social and ecological environments to improve pediatric asthma in vulnerable populations across the country. One such example is Head Off Environmental Asthma in Louisiana (HEAL). HEAL was created in partnership with universities and multiple community organizations, including the Daughters of Charity Services of New Orleans and federally qualified community health centers, to focus on individualized environmental exposure reduction in pediatric patients with asthma in New Orleans in the aftermath of Hurricane Katrina. These interventions were successful in improving asthma symptoms in the studied populations (40) and improved compliance with asthma management guidelines (41) .
HEAL initiatives also included promotion of asthma awareness in communities and led to a sustained educational program for asthma providers. The integration of research and community-level action is evident from these initiatives. Researchers and community partners leveraged community resources to reduce environmental exposures that trigger asthma. Further research on these types of community interventions is imperative to demonstrate a return on investment and to facilitate more widespread implementation.
Other selected CBPR initiatives involve community partners throughout the research process to create culturally appropriate asthma exposure reduction interventions that could maintain a stronghold in the affected community ( Table 2 ). The North Brooklyn Asthma and Environment Consortium (22, 42) reduced asthma hospitalizations through an asthma education initiative that incorporated local Latino cultural beliefs. The Healthy Public Housing Initiative partnered with the Boston Housing Authority to implement policy and sustainable programs to reduce exposure to asthma triggers in public housing units in Boston. The Boston Chinatown Asthma Studies (36, (43) (44) (45) developed asthma terminology that previously did not exist in Cantonese and improved communication with asthma-affected families. For almost 2 decades, Community Action Against Asthma (46-51) has led CBPR initiatives to enhance understanding of asthma in low-income neighborhoods in Detroit and has implemented programs that reduce indoor asthma triggers; it is currently is investigating the effects of outdoor triggers such as vehicle emissions and exposure to highways.
To date, CBPR approaches to improving pediatric asthma outcomes have demonstrated promising results. However, few community interventions that incorporate CBPR approaches have addressed other populations or pulmonary diseases. The Saskatchewan First Nations Lung Health Project, an ongoing CBPR study of aboriginal people in Canada, is investigating how social health determinants at the individual level (such as health-harming behaviors) and at the community level (such as overcrowding and sociocultural factors including trauma related to colonization and racism) affect respiratory outcomes, including chronic bronchitis, chronic obstructive pulmonary disease, and obstructive sleep apnea, in addition to asthma (52) .
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Other examples include partnerships with a community health coalition targeting Chinese Americans (53) and with a public housing organization (54) that were leveraged successfully to promote smoking-cessation interventions. Another example includes a partnership between a university and an educational center serving foreign-born residents of Rochester, Minnesota, to improve tuberculosis screening, education, and testing among the center's students (55) . Although these limited published CBPR efforts are promising, more pulmonary-related CBPR is needed, including CBPR focused on improving asthma outcomes in adults, in communities throughout the United States.
Conclusions
Despite advances in medical treatments for pulmonary diseases, substantial disparities in pulmonary health persist and are closely linked to populations of color and socioeconomic inequity. CBPR approaches that build on the expertise and resources of the communities affected by these disparities are needed to decrease disparities in pulmonary disease.
Application of CPBR principles, by incorporating some if not all of them, in pulmonary research is important to effectively engage affected populations of color and populations living in poverty, to better understand the social determinants of health, and to develop better approaches to influencing those determinants of health. Use of CBPR principles is vital to translating medical knowledge into sustainable community-level action through empowerment and collaboration, However, further long-term research using the CBPR approach is needed among populations affected by pulmonary diseases beyond asthma, to provide additional evidence for a return on investment and to facilitate widespread implementation. n
